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Objective: To determine the reliability of 2 common mea-
sures of proprioception.

Design and Setting: Joint position sense (JPS) and force
reproduction (FR) were measured in the dominant shoulder us-
ing internal-rotation (IR) and external-rotation (ER) target an-
gles on 2 consecutive days.

Subjects: Thirty-one healthy subjects (age 5 22.0 6 2.8
years, height 5 171.8 6 9.2 cm, mass 5 69.5 6 15.9 kg) who
did not regularly compete in overhand sports volunteered to
participate in the study.

Measurements: Error scores were calculated at 2 target an-
gles by averaging the absolute difference of 3 trials of JPS and
FR. Reliability was determined by comparing the error scores
obtained on 2 consecutive days.

Results: The inclinometer was found to be a reliable instru-
ment as both intertester (.999) and intratester (.999) intraclass
correlation coefficients were high. The JPS and FR measure-
ments were also found to be reliable, with intraclass correlation
coefficients ranging from .978 to .984. No differences were ob-
served between trials for either measure.

Conclusions: The inclinometer was a reliable instrument and
can provide an affordable and accurate measure of range of
motion and JPS. Both JPS and FR were also reliable measures
of proprioception in the shoulder. Further research is needed
to identify the specific mechanism of proprioception during
these tasks.

Key Words: proprioception, neuromuscular control, sensori-
motor system

The term proprioception was first introduced by Sher-
rington in 1906, who described it as a type of feedback
from the limbs to the central nervous system.1 Since

that time, numerous authors have investigated various aspects
of proprioception and neuromuscular control, providing us
with more information and allowing us to better define pro-
prioception.2–28 Based on the early descriptions by Sherrington
and others, the contemporary terms of joint position sense
(JPS), kinesthesia (perception of active and passive motion),
and sense of tension or force are considered submodalities of
proprioception.1,29,30

Proprioceptive information is provided through a variety of
receptors in the periphery, including Ruffini receptors, pacin-
iform afferents, and pacinian corpuscles. Paciniform afferents
are best activated by compression stimuli.5 Ruffini receptors
and pacinian corpuscles are both classified as dynamic recep-
tors; however, Ruffini receptors have also been described as
static receptors based on their low-threshold, slow-adapting
characteristics. It has been suggested that these types of re-
ceptors are stimulated when a joint is moved near the end
range of motion.5 Two other receptors that play a primary role
in proprioception are the muscle spindle and Golgi tendon or-
gan (GTO). The muscle spindle senses changes in muscle

length, and the GTO identifies changes in muscle tension. Al-
though the functions of these receptors have been previously
established,31,32 their specific contributions to proprioception
are still controversial. The specific mechanism of propriocep-
tion with regard to conscious proprioception and motor control
is unclear and will be mentioned further in the discussion.

Joint position sense is one of the most commonly used mea-
sures of proprioception.2,6–9,30,33,34 Determining JPS involves
measuring the accuracy of joint-angle replication, which can
be conducted actively or passively and in an open or closed
chain environment.30 Some of the research involving JPS has
included variables such as fatigue, trauma, surgery, and vari-
ous protocols for rehabilitation or training.2,10–12Although the
assessment of JPS has become a common measure in research,
no one standard method for measuring it has been established.
Some have used simple goniometers, and others have used
isokinetic dynamometers, electromagnetic tracking devices, or
custom-made jigs.6,11,34,35 Some of the confounding variables
in measuring JPS include visual, auditory, and tactile cues
from the environment. An inclinometer can provide an afford-
able and accurate measure of JPS. The small, lightweight in-
clinometer generates no sound while operating and may pro-
vide less tactile feedback than other devices, so it may prove
effective in measuring JPS.



Journal of Athletic Training 305

Figure 1. Inclinometer.

The sense of tension or force, commonly assessed using
force reproduction (FR), has also been used as a measure of
proprioception.9,14,15–19,29,36,37 Contralateral limb matching
has become the preferred method because the numeric obser-
vations are power functions of the corresponding stimulus in-
tensities.20 Assessing FR by limb matching involves the use
of a reference force, usually determined as a percentage of a
maximal voluntary isometric contraction (MVIC), and at-
tempting to replicate that force. Force matching can occur in
the same limb or the contralateral limb. Most authors used one
angle to replicate the force produced.14,15,17,19,20,37 However,
muscular tension and the ability to reproduce force might
change at various muscle lengths, so measuring FR at different
muscle lengths could prove useful.21 Proprioception can be
decreased in those who suffer from shoulder injury.38 Force
reproduction could provide greater afferent information re-
garding shoulder proprioception; however, research in this area
is very limited.

Force reproduction could be of particular interest in the
shoulder. Because the glenohumeral joint primarily relies on
dynamic restraints to maintain stability, neuromuscular control
of the rotator cuff is important to stabilize the glenohumeral
joint and prevent injury.4,39 However, until now, this area of
research has been neglected. Previous authors who measured
JPS and FR have used a different number of trials, and it is
unclear how many should be performed. Two to 6 trials are
usually performed and the measurements averaged for the
analysis.2,10 Some of the concerns in performing multiple trials
include fatigue and a learning effect. If the data-collection pro-
cess is long or too strenuous for the subjects, they could fa-
tigue, and the subsequent error scores would be artificially
inflated. Previous authors have suggested that fatigue decreas-
es proprioception in the shoulder.2,10,22 However, repeating un-
necessary trials could lead to a learning effect, and results of
the subsequent trials could be artificially improved. No inves-
tigators to date have measured the difference in trials for JPS
or FR testing.

Researchers must establish the reliability of a technique to
draw meaningful conclusions from the experiment.40 Reliabil-
ity coefficients ranging from .95 to .99 have been reported for
JPS,2,23,35 but authors rarely explain in detail how they ob-
tained the reliability data. At this time, no authors have mea-
sured FR in the shoulder, the reliability of FR using a shoulder
model, or the reliability of JPS at the shoulder. Thus, our pur-
pose was to assess 2 methods of measuring proprioception by
calculating the reliability of the measurement and the device.
We proposed no difference between day 1 and day 2 of testing
JPS and FR and no difference between angles and trials within
the JPS and FR measurements.

METHODS

Subjects

Thirty-one male and female subjects (age 5 22.0 6 2.8
years, height 5 171.8 6 9.2 cm, mass 5 69.5 6 15.9 kg)
from the general university population volunteered to partici-
pate in the study. Results from a power analysis indicated 30
subjects were sufficient for this study (97%). We excluded any
subjects who had previously suffered an injury to the upper
extremity that might influence the neuromuscular control char-
acteristics of the shoulder, including previous dislocation, sub-
luxation, or surgery. We also excluded any subjects who had

regularly participated in overhand sports or recently exercised
their upper body. Before participating, each subject read a de-
scription of the study and signed an informed consent form
approved by the university institutional review board, which
also approved the study.

Instrumentation

We used a Kinetic Communicator (Kin Com) 125 AP (Chat-
tanooga Group, Chattanooga, TN) isokinetic dynamometer in-
tegrated with a computer and appropriate software to assess
FR and inclinometer reliability.

We assessed range of motion (ROM) and JPS using an in-
clinometer (Figure 1). The inclinometer resembles a flat go-
niometer with 360 degrees (marked in single-degree incre-
ments on the circumference). We determined the angle
measured by comparing the location of the arm on the inside
of the inclinometer with the degree markings around the cir-
cumference. Because the arm can move without restriction,
gravity maintains it in the downward position. Thus, during
limb movement, the arm remains in the downward position,
indicating the change in limb position.

Before the study, we attempted to determine the reliability
of this instrument. To accomplish this, we attached the incli-
nometer to the dynamometer arm of the Kin Com using hook-
and-loop straps. One researcher then randomly positioned the
dynamometer arm to 10 different angles. At each angle, 2
other researchers (T1 and T2), blinded to the actual position
of the dynamometer arm, recorded the angles observed on the
inclinometer. The measurement at each angle was repeated 2
more times in random order, for a total of 3 trials at each angle.
Intertester reliability was determined by comparing the ob-
served angles recorded by T1 and T2 during the first trial,
while intratester reliability was determined by comparing the
observed angles recorded by T1 across all 3 trials. In addition,
we compared the measurements of the inclinometer and the
Kin Com and calculated the validity of the inclinometer to be
very high (.999).

PROCEDURES

All testing was completed at the Athletic Training/Sports
Medicine Research Laboratory. Upon arrival, each subject’s
descriptive data and information regarding arm dominance, in-
jury status, and recreational sport activity were recorded. We
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Figure 2. Subject position during joint position sense testing. Figure 3. Subject position during force-reproduction testing.

determined arm dominance as the arm the subject would use
to throw a ball. We then assessed each subject for JPS and FR
in the dominant limb. Joint position sense was always assessed
first; however, the order of the angles tested for both JPS and
FR was randomly selected. Each subject returned 24 hours
after testing for retesting using the same protocol.

Joint Position Sense Testing
All JPS testing was performed with the subject in the stand-

ing position. To begin testing, we securely attached the incli-
nometer to the subject’s wrist using hook-and-loop straps.
Range of motion was then assessed for internal rotation (IR)
and external rotation (ER) while the shoulder and elbow were
maintained in 908 of abduction and flexion, respectively (Fig-
ure 2). The subject was instructed to actively rotate the arm
to the endpoint of the range in both the IR and ER directions.
He or she was further instructed to hold the end position while
T1 observed and recorded the angle. We then calculated the
repositioning or target angles according to the maximum angle
each subject achieved. For the purpose of this study, the 2
target angles were equivalent to 90% of IR and 90% of ER
ROM.

To assess JPS, we actively assisted the subject’s arm to the
target angle with instructions to hold it there for 3 seconds
before returning the arm to the starting position. We had used
3 seconds in a previous study.41 Three seconds is long enough
for the subject to identify the position but not long enough to
become fatigued during the trial and the JPS testing session.
The subject was blindfolded to eliminate any visual cues and,
while at the target angle, was told to concentrate on the po-
sition of the arm ‘‘in space.’’ After returning to the starting
point, the subject was instructed to immediately reposition the
arm back to the target angle and inform T1 when he or she
felt the position had been achieved. At this time, T1 recorded
the angle observed on the inclinometer. The measurement was
repeated 2 more times for a total of 3 trials, with a 30-second
rest period separating trials. We measured the absolute differ-
ence between the target angle and the observed angle and cal-
culated the error score by averaging the 3 trials. The individual
trials and the error scores were used in the analysis.

Force-Reproduction Testing
Force-reproduction testing was performed with the subject

standing and the limb in the same position as for JPS testing.

The dynamometer’s axis of rotation was aligned with the
shoulder’s frontal axis of rotation, as the extremity was placed
in a position of 908 of shoulder abduction and 908 of elbow
flexion. We strapped the subject’s wrist to the force transducer
on the dynamometer arm using the wrist attachment (Figure
3). All testing was performed with the dynamometer set to
gather data in the isometric mode.

We first obtained an MVIC for IR at the 2 angles previously
calculated for the JPS measure at 90% of the IR ROM and
90% of the ER ROM. Three MVIC trials were performed at
each target angle, and the highest peak torque of the 3 trials
was used to calculate the target force for FR testing. We used
a target force equivalent to 50% of the MVIC for both target
angles. Previous authors suggested that using 50% of the
MVIC for the target force generated less error with the repro-
duction.20 To begin the FR measurement, the subject attempted
to rotate the dynamometer arm internally while receiving vi-
sual feedback regarding the force being produced. Once the
subject achieved the target force, he or she was instructed to
maintain it for 3 seconds and to concentrate on how much
force was being exerted. After 3 seconds, the subject was in-
structed to relax. We then removed the visual feedback and
instructed the subject to reproduce the force. When the subject
verbally indicated that he or she had achieved the target force,
T1 recorded it for 3 seconds. The measurement was repeated
2 more times for a total of 3 trials at both angles. We calcu-
lated the error score for each trial as the absolute difference
between the target force and the observed force and used the
average of the 3 trials in the analysis.

Statistical Analyses

The Statistical Package for the Social Sciences (version
10.0; SPSS Inc, Chicago, IL) was used to perform all statis-
tical analyses. An a priori level of significance was set at P ,
.05 for all comparisons.

Reliability

We determined both intertester and intratester instrument re-
liability using the intraclass correlation coefficient (ICC) for-
mula 2,1. A repeated-measures analysis of variance was used
to compare the angles observed by T1 across the 3 trials. The
reliability of the JPS and FR error-score measurements and the
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Table 1. Intraclass Correlation Coefficient Values for Joint
Position Sense and Force-Reproduction Testing Across Days 1
and 2

Target Angles

Joint
Position
Sense

Force
Reproduction

90% Internal rotation
range of motion .981 .981

90% External rotation
range of motion .984 .978

Table 2. Range-of-Motion Measurements (8) and Intraclass
Correlation Coefficients for Internal Rotation and External
Rotation on Days 1 and 2

Day
Internal
Rotation

External
Rotation

1
2

141.2 6 18.6
139.1 6 19.1

30.7 6 10.4
32.4 6 10.4

Intraclass correlation
coefficients 0.860 0.906

Table 3. Joint Position Sense and Force-Reproduction Error
Scores

Measure and
Target Angle Day 1 Day 2

Joint position sense (8)

90% Internal rotation
range of motion

90% External rotation
and range of motion

5.0 6 3.3

4.2 6 3.3

4.2 6 2.0

4.0 6 2.4

Force reproduction (Nm)

90% Internal rotation
range of motion

90% External rotation
range of motion

10.5 6 8.2

8.4 6 5.3

8.3 6 6.7

8.5 6 9.1

Table 4. Joint Position Sense (8) External-Rotation Trials on Days
1 and 2

Day Trial 1 Trial 2 Trial 3

1
2

4.6 6 3.2
4.1 6 3.2

3.9 6 3.4
3.8 6 2.9

3.9 6 2.5
3.9 6 3.3

Table 5. Joint Position Sense (8) Internal-Rotation Trials on Days
1 and 2

Day Trial 1 Trial 2 Trial 3

1
2

6.7 6 5.9
4.2 6 3.4

4.3 6 3.5
3.9 6 2.7

4.1 6 3.9
4.4 6 3.7

Table 6. Force-Reproduction (Nm) External-Rotation Trials on
days 1 and 2

Day Trial 1 Trial 2 Trial 3

1
2

9.3 6 8.3
9.6 6 11.8

8.9 6 7.6
7.7 6 8.3

7.0 6 5.7
8.2 6 8.9

Table 7. Force-Reproduction (Nm) Internal-Rotation Trials on
Days 1 and 2

Day Trial 1 Trial 2 Trial 3

1
2

13.7 6 10.7
9.3 6 10.4

8.6 6 7.5
8.9 6 6.5

9.2 6 9.4
6.8 6 7.1

Table 8. Target-Force Values (Nm) for Force-Reproduction Testing
Averaged over Days 1 and 2

Target Angle Force

90% Internal rotation range of motion
90% External rotation range of motion

74.92 6 30.97*
63.19 6 34.30

*Significantly different from external-rotation force value.

ROM measurements were determined using the ICC formula
2,3.

We calculated two 3-way analyses of variance with repeated
measures to determine if differences existed among JPS and
FR between the 2 days and both target angles and among the
3 trials. Another analysis of variance was used to compare the
2 target forces generated at each angle on both days.

RESULTS

The 10 angles we randomly selected to determine reliability
ranged from 158 to 1558. The inclinometer provided a reliable
measure, as high intratester (.999) and intertester (.999) reli-
abilities were observed. These calculations incorporated the
recorded angles of T1 and T2 and the 3 measurements of all
10 angles recorded by T1.

Both the JPS and FR measurements were highly reliable,
and the ICCs were high between the ROM measurements be-
tween days 1 and 2 (Tables 1 through 3). Measuring JPS and
FR on consecutive days is a reliable way of measuring pro-
prioception.

No differences were found between the trials of JPS or FR
error scores on the 2 days (Tables 4–7). Target forces were

significantly higher for IR than for ER target positions (Table
8). Subjects generated significantly more force in the IR po-
sition than in the ER position.

DISCUSSION

The relationship between proprioception and dynamic sta-
bility continues to be a popular research focus. As the interest
in this area has progressed, numerous methods for assessing
proprioception have been developed, with each having its own
advantages and limitations. Methods for measuring proprio-
ception include custom-made jigs,11,25,34 electromagnetic
tracking,7,34 and isokinetic dynamometers.2,6,12,22 The method
chosen would depend on which aspect of proprioception in-
terests the researcher. For example, threshold to detection of
passive motion measured at slow speeds targets slow-adapting
mechanoreceptors such as Ruffini endings and Golgi tendon
organs.3 We used an inclinometer in this study, attached via a
hook-and-loop strap and similar in size to a watchband. We
think this might offer an advantage over other devices, as it
limits the amount of tactile feedback to the subject. Tactile
feedback has been suggested to affect proprioception in the
knee and ankle.24,25,42,43 Regardless of the method used, it is
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extremely important that both the instrument used in the mea-
surement and the measurement techniques are reliable. Oth-
erwise, the validity of the results can be questioned. The in-
clinometer provides an affordable, reliable, and easy-to-use
measure of both ROM and JPS.

Instrument Reliability

We used the Kin Com isokinetic dynamometer to establish
the reliability of our inclinometer. We believe this is truly a
measure of instrument reliability as the only possible change
occurred in the angular positioning of the dynamometer arm.
Thus, the mechanical stops and stationary dynamometer arm
allowed us to accurately assess the reliability of our instru-
ment. Our results suggest that the inclinometer is a reliable
instrument because both intratester and intertester ICCs were
high. Furthermore, no significant differences were found when
comparing the angles observed between testers or the angles
observed among the 3 trials. Also, the ICCs for the ROM
measurements between days were high.

Joint Position Sense

The JPS measurement of the shoulder using the inclinom-
eter was reliable, as the ICC was high. Our JPS error scores
ranged from 4.08 to 5.08, scores similar to those measured
previously in the shoulder.2,10,12,14,35 Two conclusions can be
drawn from these observations. First, the methods used in the
JPS measurement and the investigator were both reliable. Sec-
ond, the subjects were reliable in their ability to sense joint
position on consecutive days. However, all measurements were
taken on healthy subjects, and JPS reliability may be affected
in an injured population.

We also measured the differences among the trials of all the
JPS and FR testing. No differences were noted among the 3
trials of JPS error scores on either day. The subjects were
instructed to reposition the target angle 3 times, and no dif-
ferences were seen among trials and days.

Previous researchers2,29 suggested that afferent information
regarding JPS originates from peripheral mechanoreceptors lo-
cated in the skin, muscle, and surrounding joint structures.
These receptors can include muscle spindles and Golgi tendon
organs, which measure changes in the length and tension of
the muscle, respectively.31,32 Control of JPS is most likely a
combination of afferent information, efferent response, and
some central command.26 We found no differences between
IR and ER JPS error scores. Both target angles were near the
end ROM (90%), and the capsule and musculature would be
stressed differently at the 2 positions. In the IR position, the
external rotators of the shoulder are lengthened compared with
the ER position, in which the internal rotators of the shoulder
are lengthened. It has been suggested39 that the capsule in the
direction of the translation is the primary restraint and the
structures on the opposite side of the joint are the secondary
restraints. However, the lengthening of the external rotators
versus the internal rotators in the 2 target positions did not
affect JPS. We were not able to conclude which receptor pro-
vides more information to JPS. Identifying the contribution of
specific receptors to proprioception of the shoulder would be
helpful in future studies.

It is important to note the lesion site when measuring pro-
prioception or rehabilitating the shoulder. Clinicians need to
be aware of which structure may be compromised during re-

habilitation movements. The same is true for proprioception
measurement. Joint position sense and FR measures are help-
ful in quantifying proprioception, but clinicians need to avoid
movements that stress the injured structure early in the reha-
bilitation phase while measuring proprioception. We are un-
aware of any studies to date measuring the effect of pain on
shoulder proprioception.

Fatigue and Joint Position Sense

It has been suggested that muscle fatigue can influence re-
ceptor information, but its effect on JPS remains unclear.9 In
subjects following a fatigue protocol for the hamstrings and
quadriceps muscles, no significant difference between JPS be-
fore and after fatigue was measured.9 Another group measured
JPS in the elbow after a biceps fatigue protocol and found the
exercised forearm had a consistently larger repositioned angle
of almost 58.14 The biceps protocol consisted of 2 sets of 50
repetitions separated by 5 minutes. The authors suggested a
decrease in information relayed from the receptors due to mus-
cle damage, which led to the overshoot in repositioning. The
groups’ explanations of their results differed as they speculated
about the increase or decrease in afferent information after
exercise. Why smaller repositioned angles were produced in
one study and larger angles in the other study remains unclear.
More studies on JPS could help to identify the specific role of
mechanoreceptors in JPS.

Lephart et al3 have previously illustrated a paradigm in
overhand athletes that suggests a relationship between injury
and proprioception loss. Several factors can contribute to an
injury in the upper extremity, so the direct mechanism is un-
clear. Fatigue can decrease shoulder proprioception, but its ef-
fect on injury in the upper extremity is ambiguous at best.2

Force Reproduction

Our study suggests that, along with JPS, FR is also a highly
reliable measure of proprioception. Like the JPS measures, the
FR ICCs were high. At this time, there are no reports of FR
being measured in the shoulder. Our error scores ranged from
8.3 to 10.5 Nm. However, our theory of less error derived from
using a 50% MVIC target angle is supported by one group
that assessed FR at the elbow.20 The researchers asked subjects
to estimate a force with one limb while generating different
forces using the contralateral limb. The subjects had the least
amount of error while matching the force at 50% of the MVIC.
However, in another study, less error was noted when subjects
attempted to reproduce greater relative forces.19 As in the for-
mer study, we also used 50% of the MVIC for FR. However,
we calculated error scores while subjects attempted to repro-
duce force using the ipsilateral limb. No differences were ob-
served between days 1 and 2 of testing on the error scores. It
is possible that a decrease in error is associated with a target
force equivalent to 50% of the MVIC, which may have con-
tributed to our findings.

Force-Reproduction Trials

We also measured the differences among the trials on all
FR testing. There were no significant differences among all
trials on both days. The testing session was quite long; subjects
completed all the JPS measurements first, followed by the FR
testing, and we were concerned about shoulder fatigue affect-
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ing the results. If the subjects became fatigued during the test-
ing process, the third trial error scores may have increased
compared with the first trials. However, no increases in error
scores were observed throughout the testing, which suggests
the subjects were not fatigued. We were also concerned about
a learning effect. Because the subjects were shown the target
angle before reproduction on all 3 trials, we wondered if the
error scores would decrease over the trials, indicating not an
increase in proprioception but an increase in accuracy due to
the excessive time spent at the target angle. However, there
were no differences among the trials, so this was not the case.

Although greater force was generated in the IR position, no
significant differences in FR were observed between the 2 an-
gles on either day. This can be explained using a length-force
curve. The ER position, being 90% of the total ROM, has the
internal rotator muscles lengthened more than in the IR posi-
tion and, therefore, the muscles cannot generate as much force
as in the IR position. Despite the changes in length and force
generated, no significant difference was seen between FR IR
and ER error scores. Thus, tissue length and stretch did not
affect FR.

Force-Reproduction Control

It has been suggested that proprioception at proximal joints
may be more efficient than at distal joints.27 Distal muscles
possess dense corticospinal projections as compared with
proximal muscles.19 Subthreshold motor commands can be di-
rected to single motor units of extremely low threshold in the
intrinsic hand muscles but not to muscles of the forearm.27

The researchers hypothesized that a resulting decrease in FR
might occur, but their results did not support that prediction.
However, their theory may hold true for more proximal mus-
cles encompassed in the shoulder. This is a concern, as sta-
bility of the shoulder requires specific motor control and tim-
ing of the dynamic restraints. To our knowledge, we are the
first to measure FR in the ipsilateral shoulder using various
positions of rotation. A measure of FR might be a better in-
dicator of proprioception because of an increase in afferent
information as compared with JPS.

In one of the original FR studies, the authors used contra-
lateral, limb-matching isometric forces while vibrating agonist
and antagonist muscles.28 The vibration of agonist muscles
excited the spindle primary endings, resulting in a stronger
contraction requiring less ‘‘effort.’’ As a consequence, the con-
tralateral limb produced less force than the reference limb.
Conversely, during antagonist muscle excitation, a disynaptic
reciprocal inhibition of the motor neurons of the contracting
muscle caused a loss of force and a resulting increase in effort
required to achieve the target force.28 The matching limb gen-
erated more force than the target force as a result. Although
the tension in the agonist muscle does not change because the
weight does not change, the opposite limb generates a different
force. An increase in this efferent input may correspond with
an increase in the perceived magnitude of the force of con-
traction, even when the force produced by the muscle remains
constant.29,37 The fact that the error in weight matching can
be decreased by instructing the subjects to ‘‘keep the force the
same’’ may suggest that the descending signals or corollary
discharges can provide more information to FR than mecha-
noreceptors.28,29 However, in the same study, the authors also
assessed the contribution from the Golgi tendon organs.28 The
subjects maintained a constant force with their arms while the

agonist muscles were vibrated. The subjects were able to main-
tain the force with 20% accuracy. When the subjects matched
the force with relative accuracy during the vibration stimulus,
the authors suggested that the subjects used their sense of ten-
sion to maintain the force produced. The conclusion was that
both mechanisms are important to the control of FR. It has
also been proposed that the receptor information could be in-
volved in scaling the corollaries of the descending motor com-
mand.36

The use of vibration to affect proprioception is not common
during rehabilitation, but it may have an indirect clinical ben-
efit. The method of using an intervention, measuring an out-
come, and inferring control can lead to more understanding of
control of proprioception. Further understanding of the mech-
anism of proprioception would allow clinicians to use that
knowledge to make better rehabilitation tools.

The conflicting results make it difficult to fit an equation to
the response of fatigue and FR, complicating the theory behind
the mechanism for FR. Previous investigators measured dif-
ferent handgrip forces and their respective sense of effort or
‘‘apparent force experienced’’ over time.18 A regression in-
volving a power function described the relationship between
perceived force and force exerted. Other researchers, using
contralateral limb matching in the elbow, found a linear in-
crease in the perceived force during constant force contractions
during fatigue.15 Further research on fatigue and FR could
establish the relationship between the two.

Limitations

Some limitations of our study include the inability to ran-
domize the order of JPS and FR testing. Because fatigue af-
fects both JPS and FR, we decided to measure JPS first on
both days, followed by the FR, as the testing for JPS is less
strenuous than the testing for FR. No differences were noted
among all the trials for JPS and FR testing. If fatigue had been
present, we would have seen an increase in error scores from
trial 1 to trial 3. We believed conducting the JPS testing before
any muscle contractions provided the ideal method.

CONCLUSIONS

Joint position sense and force reproduction are reliable mea-
sures when testing proprioception. Clinicians might be inter-
ested in FR because it may be a better measure of shoulder
proprioception. Force reproduction may provide more muscle
activity and afferent information than JPS during propriocep-
tion measurement. More studies measuring proprioception in
an injured population or during rehabilitation are needed to
demonstrate the significance of FR. Clinical measurements of
JPS and FR can be used to track progression during the re-
habilitation process, noting improvements, and providing some
motivation to the athlete to improve proprioception between
visits. Future studies on the mechanism of JPS and FR would
be informative in helping us to understand the afferent and
efferent information being processed and allowing clinicians
to improve their proprioception rehabilitation.
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